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ABSTRACT 
Gastrallus indicus R. (Anobiidae: Coleoptera) is regarded as one of 
the most serious pests of paper materials. It is commonly known as 
Bookworm. Several workers have reported severe damage caused by G. 
Indicus to paper materials and palm-leaf manuscripts from different parts of 
the world. It had become evident from the study of the available literature 
that not much work had been done on the distribution, morphology, bionomics 
and control of G. indicus. Therefore, a detailed study on the subject was 
undertaken as a prerequisite for understanding the bionomics of the insect 
and designing effective control strategies with the hope that this would be 
useful to the custodians of the museum and library collections who would like 
to devise long lasting control operations and precautionary measures for 
protecting their precious collections. 
The infestation of paper materials by G. indicus is commonly found in 
tropical humid regions. Several species of Gastrallus have been identified 
from different parts of the world. During the present study a cursory survey 
regarding the distribution of G. indicus was carried out by means of various 
methods like personal inspection of the collections in museums, archives and 
libraries. Besides this,information was also collected by personal enquiries 
from library personnels and by sending out questionnaires to the custodians 
of various institutions. The survey reveals that bookworm infestation is widely 
spread throughout India. 
Based on the above mentioned information a cursory survey map of 
India has been prepared showing different regions from where information 
regarding bookworm infestation was received. However^in future,a detailed 
study is required to be done to ascertain the exact extent of distribution of 
the pest in different parts of the country. 
During the study, egg clusters, larvae and adults of G. indicus were 
locally collected from the Moulana Azad Library at A.M.U., Aligarh. I took 
the help of the Entomology Section of the Department of Zoology and the 
International Institute of Entomology, London, to identify the species. 
Detailed morphological studies of the important structures of the insect were 
carried out by preparing permanent slides. 
The biology of the insect was studied in our laboratory under controlled 
conditions of temperature and relative humidity. Observations were made 
daily on the developmental stages of the larva, pupa and adult along with the 
breeding and feeding behaviours. 
Mostly the egg clusters were found attached to the inner surface of 
the bindings and inside the tunnels as well as on the margins of the peripheral 
pages of books. The average size of an egg cluster measured about 1-1.5 
mm. in diameter and consists of approximately 30-40 eggs. Hatching took 
place within 2-3 weeks (at controlled temperature ranges of 28-30°C in most 
of the cases). 
Five larval instars were recorded. The body of a mature larva was more 
or less elongated in shape, gradually narrowed towards the posterior end. 
The legs are short, without claws and terminate into globular pads which may 
be regarded as a peculiar characteristic of the genus Gastrallus ( among 
Anobiids). The larva is a voracious eater and during its feeding process it 
causes severe damage to paper materials. The development of larval stages 
gets completed in about one year (under laboratory conditions). 
The experiments conducted regarding the feeding response reveal that 
the larva shows a distinct liking for paper materials over other food materials 
if made available along with paper. 
The pupal stage is considered harmless as pupae do not cause any 
damage to paper materials. This stage may be regarded as the most vulnerable 
period of the insect because maximum natural mortality has been recorded 
during this phase. The pupal period ranges from 8-12 days. Soon after;the 
pupa completes its developmental process and gets transformed into an adult. 
Male beetles are comparatively smaller in size than female. The average 
size of a male beetle is 2-3 mm. whereas average female size is 3-4 mm. The 
copulation starts soon after the beetles attain sexual maturity. The breeding 
usually takes place duringthemonthsof June, July and August. After mating, 
the female fly away from males and disperse themselves in search of suitable 
sites for egg laying. The life span of adult is about 2-3 weeks. 
Pesticides are still, our most powerful weapons in the arsenal of pest 
management, although popular opinion now a days is to minimising their use. 
During the experiment conducted for determining the toxic efficacy of four 
insecticides, it was also observed that out of the four insecticides viz 
fenitrothion, malathion, milphos and sevin, tested against the larvae, fenitrothion 
was found to be the most toxic to larva, whereas sevin was relatively less 
toxic (in low concentrations). The relative toxicity of these insecticides was 
deduced in the following decreasing order fenitrothion > malathion > milphos 
' sevin having respective values of 1.77 > 1.07 > 1 > 0.56. 
Based on the above conclusions any one of the suitable intoxicant can 
be employed for impregnating the paper in required strengths of the solution 
and the same can be used for covering the surfaces where the infestation 
is to be controlled. It can also be used as a residual spray which can be sprayed 
in and around places where paper materials are stored for creating a long 
lasting chemical barrier against the insect attack. 
Fumigation is regarded as one of the best methods for controlling insect 
pests of paper materials. Fumigation of infested books in a closed chamber 
using para-dichlorobenzene (PDB) 335 gm/m^ for a week was found enough 
to achieve cent percent larval mortality. However the above fumigant, kills 
lavvae^pupae and adults but eggs laid in furrows may be unaffected. Hence 
there is a possibility of their hatching into larvae within 2-3 weeks. Therefore 
further dose of fumigation is required for the complete eradication of the insect 
after the said period. 
Certain experiments on freezing technique show that freezing of infested 
books for either 24 hrs. at -5°C or for 48 hrs. at 0°C is quite effective in 
combating the infestation. Hence freezing the books after wrapping them in 
polythene bags can be recommended for the control of the insect in museums 
and libraries. 
An efficient air-conditioning of the building may recommended for 
minimising the pest menace as temperature between 20-25°C and relative 
humidity between 40-60% round the clock inside the building can prevent 
insect activity to a very large extent. 
As there is no single method, known to the science of pest 
management which could give an everlasting solution to the challenge posed 
by the insects, therefore it becomes imperative to design an integrated pest 
control programme for the prevention and control of the infestation.The use 
of pesticides is accepted as an important component of the integrated pest 
control programme in which different types of techniques are blended to 
control the harmful insects with minimal effect on human being and the 
environment. However, in institutions like museums and libraries, the control 
measures should aim at the complete eradication of the pest population, 
contrary to the approach adopted in the field of agriculture where the objective 
is to bring down the pest population to keep it below the threshold level. 
Therefore, in case of such institutions we should move beyond integrated pest 
management (IPM) to an approach which may be called integrated pest 
eradication (IPE) programme. The integrated pest eradication programme 
should help not only in controlling the insect pests that have already entered 
and proliferated within a building, but also servesas a means of long term 
strategy for the prevention of fresh attacks. Such a programme should 
comprise of all types of curative and precautionary measures (including the 
use of different toxic and non toxic methods) aimed at the eradication and 
prevention of insect infestation. For the prevention and eradication of insect 
infestations in the library and museum buildings, the author would like to 
suggest the following (as an integrated programme). 
1. Quarantine treatment to be given to the new materials before adding 
to the collections. 
2. Thorough periodical checking of the collection-for signs of pest 
infestation. 
3 Immediate isolation of the material showing any signs of infestation and 
subjecting the same to the disinfestation treatment. 
4. Keeping the object as far as possible in hermatically sealed polythene 
bags charged with chemical repellents or fumigants. 
5. Use air-tight Almirahs, drawers, etc. for storing purposes. 
6. The librarians are suggested to keep the books in constant use. 
7. Periodically the collection should be subjected to fumigation or 
spraying of appropriate insecticide in consultation with some experienced 
agency in the field of pest management. 
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INTRODUCTION 
Paper is widely used for writing, printing and painting and is found 
in the form of books, journals, paintings, manuscripts and documents. 
There cannot be two opinions regarding the importance of the aforesaid 
paper based materials which form the very basis of our all round 
intellectual and cultural activities. 
The practice of paper manufacturing started as early as the 2nd 
century A.D., when the forerunner of modern paper was made in China 
(Russel, 1980). Most of the ancient paper was prepared by using cotton 
or clean white rags as raw materials. But the manufacture of modern 
paper is mainly based on raw materials like wood, cotton, straw, linen, 
and waste paper. These organic materials are rich sources of cellulose 
and hemicellulose and hence attract numerous pests. 
Insects are the worst enemies of cellulose materials. Most of the 
insects attack cellulose containing materials for acquiring food and shelter. 
Presence of cellulose, starch and gelatin in paper usually attracts potential 
insect pests. 
Weiss et al. (1945) have published their bibliographical work entitled 
Insect Enemies of Books in which the authors have dealt with five hundred 
references of research papers pertaining to insect pests of books. Roonwal et 
al. (1952), Kathpalia (1955, 1973 & 1987), Kishore (1961), Ivany (1968), 
Nair (1975 & 1977), Alam (1983), Story (1985), Perti (1988), Agrawal 
(1983) aud Bell and Singh (1993) have recorded some important insect pests 
of paper aud other archival materials. Arai et al. (1975) have reported that 
larvae of auobiids are one of the most important biological agents responsible 
for the deterioration of books in Japan. 
Infestation of paper by Gastrallus indicus Reitter (Anobiidae: 
Coleoptera) is commonly found in tropical humid regions. Gastrallus mdicus 
is commonly known as Bookworm. This species is frequently found in India 
and Burma. Several workers such as Gardner (1921 & 1977), Husain (1929), 
Beeson (1941), Chakraborti (1942), Back (1947), Roonwal et al.(1952), 
Kishore (1961), Nair (1970, 1975 & 1977),Alam (1983), Nasheim (1984) and 
Joshi (1990) have reported severe damages caused by G.indicus to paper 
materials and palm-leaf manuscripts, from different parts of the world. 
Gardner (1921) has reported severe damage of books by G. indicus 
in the library of the Deputy Director of Agriculture at Mandalay (Burma). 
Chakraborti (1942) has found that some manuscripts received from Turkey 
(in Delhi, India) were infested by G.indicus. Nasheim has reported the same 
species infested on a large number of books in the Beinecke library of Yale 
University. In fact this was the first report on the presence of G.indicus in 
U.S.A. Wysoki (1971) has reported the occurence of Gastrallus species in 
Isreal which he had confronted during his survey on Macadamia pests 
(Macadamia ternifolia, is an exotic nut tree of Israel). 
According to Harris (1992), several species of Gastrallus are known 
to damage books in South East Asia. Mani (1992) has reported that about 
sixty percent of the sixty thousand rare palm-leaf manuscripts have been 
severely damaged by bookworm in the University library of Kerala. Agrawal 
et al. (1992) asserted in their survey report on conservation status and needs 
in India, that insects infestation, mainly by G.indicus was responsible for the 
damage to books, paper materials and archival materials in more than thirty 
institutions in different parts of the country. 
Kalshoven (1930) has recorded G. laticollis Pic. in Indonesia. Swezey 
(1933) found the same species in the Hawaiin Islands in cardboards which 
were transported from India. Many workers have reported the presence of 
Sitodrepa panicea Linn, as a bookworm from India and Indonesia. However 
there are grounds for suspicion that the presence of such a large number of 
records of this species may be due to the misidentification of G. indicus as 
Sitodrepa panicea (Roonwal and Chatterjee 1952). Gardner (1937) has 
described some larval forms of anobiids with a special reference to G. 
indicus which helped in resolving the controversy regarding the differentiation 
between the larvae of G. indicus and S. panicea.Pic (1937) has reported that 
Gardner and Desai have collected G. pliticollis from Madras and G. 
birmanicus from Burma respectively. Halperin J. et al. (1978) in their survey 
report on 'Insect feeding on wood products in Israel' have mentioned that G. 
pulens Fairm, is a serious pest of paper and causes considerable damage to 
books in the libraries in Israel. Arnett (1973) has recorded G. 
marginipinnis Leconte, Gastrallus Duval and Gastrallus Austin from 
Colorado and California. 
Beeson (1941) has pointed out that bookworm damage can be 
distinguished from that of other pests of books by the presence of circular 
pin-holes (about 1 mm.in diameter)in the book bindings. As reported by 
Naif (1977) and also the personal communication received from different 
museums and libraries by the present author, it seems that bookworm is 
widely distributed in India. 
The present author has realised the economic importance of the 
insect G.indicus as this species destroys valuable paper materials such as 
books, manuscripts, and allied archival materials. Therefore our urgent 
attention is required to devise effective methods of prevention and control 
of its deleterious effects, in order to save our precious collections. 
Very scanty literature is available on the distribution, 
morphology, bionomics and control of the aforesaid pest which 
indicates that not much work had been done on this species (Nair,1977). 
Therefore, the present author has accepted the challenge to take up 
the study of the distribution, bionomics, food preference and some 
morphological aspects as a prerequisite for understanding bionomics 
^ d designing effective control strategies. 
The adult and larval forms of the species were collected from the 
university library at Aligarh and the same were reared in the Research 
Laboratory of the Department of Museology. A.M.U.using an Environmental 
Study Chamber. 
The identification of the species was done after consultation with 
experts in the Entomology Section of the Department of Zoology, A.M.U., 
Aligarh and the same was confirmed by the International Institute of 
Entomology, London, (Personal Communication dated 15.4.1992). 
In the following pages the author has tried to provide all the 
available information regarding G. indicus.Besides this, the author has 
also suggested some curative methods, based on the conclusions drawn 
from experiments, such as environmental control, fumigation techniques 
and use of insecticides for the control of the insect, with the hope that it 
would be helpful to the curators of museums, archives and libraries, who 
would like to devise long lasting control operations and precautionary 
measures for protecting their valuable collections. 
MATERIALS AND METHODS 
MATERIALS AND METHODS 
During the present study various materials and methods were used to study 
the distribution, bionomics and control of Gastrallus indicus. A survey 
regarding the distribution of G. indicus was carried out using different methods 
like personal inspection of the museum collections, archives and libraries, 
personal enquiries from the library personnels and sending out questionnaires 
to the custodians of various institutions. During personal enquiries, the peculiar 
characteristics of the infestation were explained to the custodians by showing 
infested books, larvae and adult of G. indicus, so as to enable them to provide 
us with correct information. Similar informations were also provided in the 
questionnaire, in pictorial form, (Copy of the questionnaire is enclosed) 
The egg clusters, larvae and adults were collected from the infested books 
present in the Maulana Azad Library of the A.M.U. Aligarh. The specimens were 
cultured in the Research Laboratory of the Department of Muscology, A.M.U. 
by using an Environmental Study Chamber. The identification of the species was 
done after consultation with experts in the Entomology Section of the Department 
of Zoology and the same was confirmed by the International Institute of 
Entomology, London. 
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Morphological studies of the insect were carried out by preparing 
permanent slides for a detailed study of the important structures. For this puirpose 
the insects were, dehydrated by passing them through ascending grades of 
alcohol. Thereafter they were treated with 10% KOH solution (for 6-7 hours) 
to soften and then were dissected. The dissected parts were mounted on slides 
using Canada balsam, and allowed to dry in a thermostat running at 50''C. 
Drawings of important structures were made by using a camera lucida. 
Measurements of the insect were made with the help of an ocular micrometer. 
The insect culture was raised in small booklets made of old paper which 
measured about 6" X 4" XI". Besides, this culture was also raised in papier-
mache medium in petridishes 14 cm. diameter. The booklets and the petridishes 
were kept in trays and glassjars respectively, which were covered with fine muslin 
cloth using rubber bands. 
The biology of the insect was studied in the laboratory, under controlled 
conditions of temperature (28-30°C) and humidity RH(60-70%) by using an 
Environmental Study Chamber. 
Observations were made daily on the developmental stages of the larva, 
pupa and adult along with their breeding and feeding behaviour. Photographs 
of different stages of the life cycle were taken by using an SLR camera attached 
to a microscope. 
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The feeding response of the larva was studied by using various food 
materials such as paper, papier-mache, cotton wool, maida-paste (Paste made 
up of fine wheat flour), cotton cloth pasted with maida paste, paper pasted with 
maida paste, leather pasted with maida paste, binding leather, sawdust and paper 
pasted with animal glue. These food materials were placed in petridishes of 8 
ctcudiameter under controlled temperature (28-30°C) and humidity (RH 60-70%) 
in an Environmental Study Chamber. Each petridish was marked with a number 
(^ as shown in table No. 4). Ten specimens were released in each petridish. Weekly 
observations were made on the feeding response of the larvae for six v/eeks. 
Certain experiments on fumigation were carried out under normal room 
temperature ranges 28°C -34°C, R.H. 60-65% and atmospheric pressure 76 
mm,Hg. A few old books of approximately same size and volumes, having "dead" 
infestation, were selected to be used for the experiment. Ten larvae of more or 
less the same sizes were released in each book at different places, marking their 
locations by noting the page numbers. At a time one book (along with ten larvae) 
was exposed to 15 gms. of para-dichlorobenzene in the closed chamber (of 15" 
X 15"X 15") where it was maintained for a week. The first observation to record 
the mortality count was made after 3 days of exposure. Later subsequent 
observations were made after 24 hrs. Subsequently the same procedure was 
repeated using different quantities of the fiimigant i.e. 20 gm, 25 gm^and 30 gm, 
every time using a separate book with ten larvae. 
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Thus the toxic efficacy of different quantities of the fumigant was assessed 
by the total mortality count of the larvae during the total period of seven days. 
While counting the number of mortalities the morbid larvae were also regarded 
as dead. The experiment was repeated five times with each quantity of the 
toxicant. The mortality data thus obtained was subjected to probit analysis and 
used for drawing regression lines to determine the LD,. value of each quantity 
of toxicant as described by Finney (1952). 
Some experiments were conducted to determine the efficacy of various 
standard insecticides, against the larvae, under laboratory conditions. The relative 
toxicity of fenitrothion, malathion, milphos and sevin were determined by exposing 
the larvae to a residual film of each insecticide in petridishes of 8 cm. diameter. 
Technical grades of the insecticides were obtained from the available sources 
for the preparation of stock solutions in acetone. Different grades of the 
insecticide were prepared by adding the required quantities of insecticides into 
a known volume of acetone. Hypodermic syringes of 5 ml. capacity were used 
for mea suring and transfering various grades of the insecticides in petridish. For 
the sake of uniformity and easy comparison of data only five doses of each 
insecticide i.e. 0.065%, 0.125%, 0.25%, 0.5% and 1% were used. The treated 
petridishes were evaluated for their residual toxicity by releasing ten larvae in 
each petridish for a period of 15 minutes. Thereafter the larvae were transferred 
to a clean petridish containing proper food materials. The toxic efficacy was 
assessed by taking the mortality count after 72 hours of post exposure period. 
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The experiment was repeated five times with each dose under the same conditions. 
Mortality data thus obtained was subjected to probit analysis and used for 
drawing regression lines to determine the LD^ ^^  value of each insecticide as 
described by Finney (1952) and Busvina (1971). The same residual films were 
re-tested after a period of two weeks to ascertain the aging effect. 
Inorder to conduct experiment on the "effect of temperature on the larvae 
of G. indicus, two cardboard boxes measuring 6'*X3"X1" were prepared. The 
boxes were loosely packed with paper cuttings. Thereafter twenty five larvae 
were released in each box. The boxes were covered with polythene bags v/hich 
were sealed with the help of cellophane tape. One of the boxes was maintained 
at -5°C and the other at 0°C for 48 hrs. in a freezer. The first observation 
regarding the effect of temperature on the larvae was recorded after an hour 
and later on observations were made every 4 hours. 
DISTRIBUTION 
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DISTRIBUTION 
Infestation of paper materials by Gastrallus indicus is commonly 
found in tropical humid regions. Several species of Gastrallus have been 
identified from different parts of the world. Gastrallus indicus is commonly 
known as Bookworm in India. This species is frequently found in India and 
Burma (Roonwal and Chatterjee 1952). Beeson (1941) has pointed out that 
bookworm damage can be distinguished from that of other pests of books by 
the presence of circular pin-holes (about 1mm. in diameter) in the book 
bindings. 
According to Harris (1992), several species of Gastrallus are known 
to damage the books in South East Asia. Gardner (1921) has reported the 
severe damage of books by G. indicus in the library of the Deputy Director 
of Agriculture at Mandalay (Burma). Chakraborti (1942) has found that some 
important manuscripts received from Turkey (in Delhi, India) were infested by 
G. indicus. As reported by Nesheim (1984) this species was also found 
infesting large numbers of books in the Beinecke library of Yale University. 
Infact, it was the first report of the presence of G.indicus in U.S.A. Wysoki 
(1971) has reported the occurence of Gastrallus species in Israel which he 
had confronted during his survey on Macadamia pests (Macadmia ternifolia 
is an exotic nut tree of Israel). 
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Kalshoveii (1930) has recorded G. loticollis pic. in Indonesia. Swezey 
(1933) found the same species in the Hawaiin Islands in cardboards which 
were transported from India. Many workers have reported the presence of 
Sitodrepo panicea Lmn. as a bookworm from India and Indonesia. However, 
there are grounds for suspicion that the presence of such a large number of 
records of this species may be due to the misidentification of G. mdicus as 
Sitodrepa panicea (Roonwal and Chatterjee 1952). Pic (1937) has reported 
that Gardner and Desai have collected G. phticollis from Madras and G. 
birmanicus from Burma respectively. Halperin J. et al.(1978) in their survey 
report on "'Insect feeding on wood products in IsraeT have mentioned that 
G. pulens Fairm, is a serious pest of paper and causes considerable damage 
to books in the libraries in Israel. Arnett (1973) has recorded G. marginipinnis 
Leconte. Gastrallus Duval, and Gastrallus Austin, from Colorado and 
California. 
Fausta Gallo (1963) has also considered G. immarginatus as a 
harmful pest of books. Hem Sing Pruthi (1969) has mentioned G. msu/atus 
Pic. as one of the common species of Gastrallus which causes damage to 
books and other paper materials. Gastrallus glandarius and G. infaustus 
cause the destruction of forest insects as parasites in Germany and Russia 
respectively. Moreover G. laevigatus was used as a parasite in France to 
control some anobiid and bostrichid pests of fig trees (Picard, 1918). Besides 
this Back (1939) has reported Neogastrallus librinocens as a new genus and 
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species wliicli is responsible for causing damage to paper materials in Abbey 
library. Florida, U.S.A. 
Some other records of infestation by G.indicus include the damage 
caused to book bindings and paper documents in Govt, of India's Imperial 
Records Department at New Delhi during the years 1939 and 1942 
respectively. The books, carrier cards etc. in the Central library of Forest 
Research Institute, Dehradun were also found to be heavily infested during 
1937 and 1950, by the same pest as reported by Roonwal and Chatterjee 
(1952). Husaiu (1930) has reported the damage caused by G. indicus to the 
revenue records of the province of Punjab. Nair (1977) has recorded severe 
infestation of books and manuscripts by this pest in the libraries and museums 
of Baroda, Dehradun, Hyderabad and Trivandrum. 
Mani (1992) has reported that about thirty percent of the sixty thousand 
rare palm-leaf manuscripts have been severely damaged by bookworms in the 
University Library of Kerala. Agrawal et al. (1992) asserted in their survey 
report on "Conservation status and needs in India'\ that insect infestation, 
mainly by G. indicus, was responsible for the damage to books, paper and 
other archival materials in more than thirty institutions in different parts of the 
country. 
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SURVEY ON DISTRIBUTION OF GASTRALLUS INDICUS 
IN INDIA. 
a) Collection of information: 
In the present study, the author has conducted a survey on the 
distribution ofG. indicus in various iBstitutions of India e.g. libraries, museums, 
archives etc. The author himself inspected several institutions and found that 
a large number of books have been badly damaged by the infestation of G. 
indicus in the University libraries of Kerala, Calicut and Aligarh (UP), and 
Salarjung Museum _ Hyderabad, National Archives. New Delhi, Indian 
Agricultural Research Institute-New Delhi andForest Research Institute-
Dehradun. 
Besides this, the author has personally contacted the library personnels, 
conservationists and curators of about twenty five institutions in different 
regions of the country. The peculiar characteristics of the infestation were 
explained to these people by showing infested books, larvae and adults of G. 
indicus and they were requested to furnish the desired information in the 
given questionnaire. The questionnaire contained six questions and pictorial 
descriptions of various insects including the larva and adult of G. indicus. 
In addition to this, information was also collected by sending the 
questionnaire (by post) to different librarians in the country, with a request to 
furnish the desired informations in the prescribed proforma (copy of the 
questionnaire is enclosed). 
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QUESTIONNAIRE 
1. Do you have insect pest problem in your institution Yes/No 
2. Do the infested books have pinholes on the 
binding and irregular tunnels inside? Yes/No 
3. Can you specify the type of insect found Yes/No 
(If any ) 
4. Is the insect - Worm like? Yes/No 
- VJhite in Colour? Yes/No 
- Slow moving? Yes/No 
5. Indicate the insect pest found in your 
institution among the follov/ing (By ^  narks) 
Cockroach 
\ 
; A 
r 
i 
( ) 2. Silver fish ( ) 
3. Beetle (Gastrallus indicus) ( ) 4. Book-worm ( 
<-/ K 
6. Any other information regarding the insect probl em. 
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b) Analysis of the responses received 
Some custodians of various institutions were hesitant to divulge the 
real facts about their collections and their usual responses against all the 
questions were non committal and elusive This apathy may be attributed 
to the general tendency of the head of the institution to avoid bad name 
by hiding the real condition of their collections. However, persistent 
persuation and use of personal influence resulted in the collection of 
sufficient information. But still there are several institutions which have 
not yet responded to the author's request. 
The occurrence of bookworm infestation in various institutions was 
assumed on the basis of positive responses furnished by the respondents to 
question numbers 2,3,4 & 5 of the questionnaire supplied. Some custodians 
seemed unfamiliar with the insects and were honest enough to admit the same. 
Some senior custodians (8%), when personally interviewed, objected with 
irritation by saying that no infestation has ever occurred in their institutions. 
Their abrasive behaviour reflects their fear of divulging the real condition of 
their collections. The most common response in this regard as indicated by 
the majority of the institutions (88%)was that they are having various types of 
insect infestations. About 76% of the respondents have given positive response 
to the question No.2, indicating that the infested materials bear characteristic pin-
holes. Invariably those giving a positive response regarding question No.2 also 
responded positively to question No.5. Moreover, the responses of 76% 
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custodians revealed that bookworms are mainly responsible for the damage of 
their collections. It also reveals that infestation free institutions are those 
which have been established more recently. 
On the basis of information received from the various institutions in 
different parts of the country, it is concluded that bookworm infestation is 
widespread from north to south and east to west in the country. 
TABLE! 
Responses received from custodians to various questions, in the 
supplied questionnaire regarding the bookworm infestation. 
Question Percentage of positive responses 
No. received for each question 
1 88% 
2 76% 
3 16% 
4 60% 
5 76% 
6 52% 
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TABLE-2 
Responses received from various institutions in different states. 
S.No. State Institution Status of 
infestation 
Yes/No 
Jammu & Kashmir 
Himachal Pradesh 
Punjab 
Haryana 
University library of Yes 
Jammu, Jammu Tawi. 
Regional Engineering No 
College, Hamirpur. 
(i) University library of No 
Panjab, Patiala. 
(ii) M.M. Central State Yes 
Library, Themall. 
(iii) Govt. Public Library, No 
Mohali. 
(iv) Library of Govt. College, No 
Ludhiana. 
(i) University library of Yes 
Haryana. 
(ii) Y.M.D. College, Nuh. Yes 
Gurgaon. 
(iii) University library. Yes 
Kurukshetra. 
5. 
6. 
7. 
Delhi 
Rajasthan 
Uttar Pradesh (i) 
(ii) 
(iii) 
National Archives,New Delhi 
Research Centre of BNHS, 
Bharatpur. 
Fatehpur Kanya Mahavidya-
laya. 
University library, 
A.M.U., Aligarh. 
Lalit Kala Bhawan, BHU, 
Banaras. 
Yes 
Yes 
Yes 
Yes 
No 
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S.Nc 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
). State 
Bihar 
Meghalaya 
West Bengal 
Orissa 
Madhya Pradesh 
Andhra Pradesh 
Karnataka 
Tamil Nadu 
Kerala 
(i) 
(li) 
(i) 
(ii) 
Institution 
Khuda Baksh Library,Patna. 
CIEFL Regional College, 
Shillong. 
Indian Institute of 
Technology, Kharagpur. 
State Museum of Orissa 
Govt. M.G.M. College, 
Itarsi. 
Salarjung Museum, 
Hyderabad. 
University library, 
Gulbarga. 
Rural Engineering College, 
Bhalki. 
University library, 
Annamalai. 
University library of 
Calicut. 
University library of 
Kerala. 
Status of 
infestation 
Yes/No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
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TABLE -3 
The positive responses received from various institutions in 
different states showing the distribution of bookworm in India (as 
shown on the map). 
S.N'o. State Instiutions from which bookworm 
infestation was reported 
1. Jararau & Kashmir 
2. Punjab 
3. Haryana 
4. Haryaua 
5. Delhi 
6. Rajasthau 
7 Haryana 
8. Uttar Pradesh 
9. Bihar 
10. Meghalaya 
11. West Bengal 
12. Orissa 
13. Madhya Pradesh 
14. Gujarat 
15. Andhra Pradesh 
16. Karnataka 
17. Tamil Nadu 
18. Kerala 
IQ. Kerala 
University library of Jammu, Jammu Tawi. 
M.M. Central State library, Themal. 
University library of Kurukshetra. 
Y.M.D. College, Nuh, Gurgaon. 
National Archives, New Delhi. 
Research Centre of BNHS, Bharatpur,. 
Fatehpur Kanya Mahila Vidyalaya,KaithaI. 
University library. A.M.U., Aligarh. 
Khuda Baksh library, Patna. 
CIEFL Regional College, Shillong. 
IIT, Kharagpur. 
State Museum of Orissa. 
Govt. M.G.M. College. Itarsi. 
University library, Baroda. 
Salarjung Museum, Hyderabad. 
University library, Gulbarga. 
University library. Annamalai 
University library, Calicut. 
University library of Kerala, Trivandrum. 
i-
< 
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a. 
MORPHOLOGICAL FEATURES 
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MORPHOLOGICAL FEATURES 
Very little information is available on the morphology of Gastrallus 
indicus. Gardner (1937) has breifly described some peculiar characteristics 
of the larvae of G. indicus and G. birmanicus. Beeson (1941), Roonwal and 
Chatterjee (1951), and Nair (1975) have given only scanty information 
regarding the morphology of larvae and adults of G.indicus. The present 
author has tried to describe in detail the morphological features of the larva, 
the pupa and the adult of G. indicus. 
(i) External morphology of mature larva: (Plate. 10. Fig. 10.) 
The body of a mature larva of G. indicus is more or less elongated and 
gradually narrowed towards the posterior end. The fully grown larva is about 
3-4 mm.long. Nair (1970) has also observed the same findings. The body is 
whitish or cream coloured. It is semi-cylindrical and crescent shaped with 
comparatively swollen thorax and sparsely setosed. The fleshy body of the 
larva comprises of fourteen segments. The thoracic segments are larger than 
the abdominal segments. But Gardner (1937) has reported that the larvae are 
very similar to those of G. birmanicus except that the lateral air tube of each 
spiracle is short and not longer than the diameter of peritreme. However, the 
spiracles are with well developed marginal airtubes in Sitodrepa panicea 
(Gardner 1937). 
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Head: (Plate.11. Fig.11-12.) 
The head is small, oval in shape and partially retractible inlo the 
thorax. The epistoma (Eps) has numerous setae along the margins. The length 
of the head is greater than its width. Gardner (1937) has also described 
similar charateristics of the shape of the head of G. brimanicus. 
The extreme anterior margin of the head is reddish brown in colour. 
Usually ocelli are absent. Gardner (1937) reported the complete absence of 
ocelli on the head capsule in anobiids. Each antenna is very small and 
rudimentary. Mouthparts are cutting and chewing type. The labrum (Lar) is 
densely setosed. The mandibles (Md) are tridentate and the upper teeth are 
acute and longer than the preceding two teeth. They are supported by well 
developed, strong muscles. The epipharynx has two paramedians which are 
accompanied by several setae along the anterior margin. The maxillary palpi 
(Mxp) are not completely differentiated. 
Thorax : 
The thorax has three premature segments. The prothoracic tergum is 
well developed and longer in comparison to the meso and meta thoracic 
tergums. The thorax bears three pairs of short legs. Each leg has three 
segments and terminates into a soft globular pad. Gardner (1937) has reported 
the complete absence of claws in Gastrallus species. Ferris (1877) has also 
mentioned that in Gastrallus the legs are without claws and terminate ioto a 
soft globular pad. 
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Abdomen: 
The abdomen is without appendages and consists often segments. The 
terminal segments of abdomen are smaller than the preceding ones. The 
abdominal tergum is divided into two transverse folds. Each segment of the 
abdomen bears one pair of spiracles (Spr) on the lateral side of the body. The 
lateral airtubes of each spiracle is short and not longer than peritreme. 
ii) External morphology of pupa: 
In early stage the pupa is white in colour, whereas the older one is 
orange yellow. It is naked, decticous and exarate type. It is about 3-3.5 mm. 
long. The appendages are free and without any secondary attachments to the 
body. The black compound eyes are well developed. The hypognathus head 
is concealed within the prothorax. The mandibles are tridentate and brown in 
colour. The pupae are almost inactive and lie usually with their ventral side up 
facing the sky. The abdomen is dorso-ventrally flattened and the abdominal 
segments are distinct. The pupal period extends from 8-12 days. Nair (1970) 
has also reported almost the same pupal period, (i.e. 7-10 days). 
iii) External features of adult (Plate. 12.Fig. 13.) 
Head: (Plate.l3. Fig.14-15.) 
The body size of the male is smaller than that of the female, ranging 
from 2-3 mm. in males and 3-4 mm.in females. Generally the body is reddish 
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brown in colour. But the mandibles, the margins of the elytra and the 
posterior margin of pronotum are dark brown in colour. In frontal view, the 
length of the head is equal to its width. The hypognathus head is concealed 
within the prothorax. 
The black compound eyes are well developed. The antennal sockets 
are present in the clypeus region and are anteriorly very near to the occipital 
socket. Each antenna consists of an elongated scape (Sep), a Pedicel (Pdc) 
and a flagellum (Fig). The flagellum consists of a prominent fiinicle (Fnc) and 
club (Clb). The funicle is five segmented whereas the club is three segmented, 
the segments of the antennal club differ in size and shape in male and female 
beetles. The third segment of the club is long and cylindrical in males, 
whereas it is short and spindle shaped in females. 
Mouthparts are well developed. They are of cutting and chewing type. 
They consist of a pair each of mandible (Md) and maxillae (Mx), a labrum 
(Lar) and labium (Lb). Each mandible is triangular in shape, dark brown and 
bears tridentate anterior region. 
Thorax: (Plate 17-18. Fig.24-27.). 
The thorax is divisible into three prominent regions i.e. prothorax 
(Ptx), mesothorax (Mst) and metathorax (Mtx). Dorsally the protergum (Ptg) 
is compact, hard and rectangular in shape and bears numerous small hair and 
setae. The sternum (Stn) is a comparatively short and small rectangular plate-
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like structure. There are various sternal structures on the sternal plate. 
Laterally it bears a pair of sockets used for the insertion of the coxae of 
prothoracic legs. Each leg consists of a coxa (Cx), tibia (Tib), femur (Fm) 
and four segmented tarsae (Trs) with a globular pad-like empodium which 
bears two sharp claws. 
The mesotergum is a tiny strip which gives an impression of a very small 
lobe-like structure present in between the pro and meta tergum. The mesotergum 
laterally bears a pair of compact hard shield of wings called as elytra. The 
sternum is a large plate and also bears two coxal sockets for the articulation 
of the legs. The leg consists of coxa (Cx), tibia (Tib), femur (Fm) and four 
segmented tarsae (Trs). 
The metatergum is also a compact rectangular sheet having two posterio-
lateral projections. The anterior and posterior margins are curved inwards. The 
tergum laterally bears a pair of transparent membranous wings. Hind coxa is 
grooved to receive femur which is immovably fixed. 
The hind wings are membranous and folded underneath the elytra. Its 
venations are dark brown and reduced. The subcostal (Sc) and radial veins (R) 
meet almost in the middle of the dorsal margin. The tip of the venation 
(Sc+R) does not reach the anterior margin of the wing. The raidal sector 
(Rs) is curved down and branched into thin veins as shown in the Fig. 
(Plate.20. Fig.34-36.). 
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The media (M) is divided into two branches i.e. the anterior media 
(MA) and the posterior media (MP). The anterior media (MA) is curved 
and does not reach the anterior margin of the wing. The posterior media 
(MP) reaching to the margin of the wing is called cubitus (Cu) and is not 
well developed. The ventral margin of the wing has marginal fringes. 
The metasternum is short, rectangular, curved inwards and constitutes 
two holes called as coxal sockets for the articulation of metathoracic legs 
The legs consist of coxa (Cx), tibia (Tib), femur (Fm) and four segmented 
tarsae (Trs). 
Abdomen: (Plate .21-22. Fig.37-42.). 
In the abdomen, the proximal segments in both male and female, are 
not clearly visible and mostly the sterna of the first, second and third are 
reduced and the tergite of the first segment is membranous. Second to seventh 
sternite and fourth tergite are visible, but not distinct. Moreover eighth tergite 
and fifth to seventh sternites are quite distinct. The terminal ninth and 
tenth segments are transformed into genitalia. 
Male genitalia (Plate .23. Fig.43-45) 
The male genital organ of G. indicus is similar to that of a typical 
anobiid. Suda Mat (1976) has also observed similar structures in anobiids. 
The genitalia is located on the venter of ninth abdominal segment. As reported 
by various entomologists, it is developed from the sterna of ninth segment of 
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the abdomen. The phallus is usually a large tubular and densely sclerotized 
complex structure and is differentiated into several distinct components. 
Externally it is divided into a ventrally located proximal phallobase (Phb) and 
a central aedeagus (Aed). The phallobase is again divisible into an unpaired 
basal plate (Bp) and paired lateral parameral plates (Pmr). 
The unpaired basal plate is an annular sclerite and is placed proximaUy. 
The parameral plates form the lateral portion of the male genitalia. It is a 
short and heavily sclerotized, quadrate plate curved inwardly. The proximal 
margin is broader and the basal ends are narrow. 
The aedeagus is an elongated, stout, semi-transparent, flattened and 
unpaired intermittent part of the genitalia. Dorsally, it is spoon shaped or 
tongue like structure known as aedegal shaft (Aedsht). It is narrowed and 
proximally broadened posteriorly. Aedegus also bears two bluntly narrowed 
distal bars called as apodeme (Apd) of the aedegus. It is invaginated along its 
entire length into the phallobase (Phb). 
Female genitalia (plate.24. Fig.46-47). 
The female genitalia of anobiids have not been studied in detail and 
there exists a good deal of confusion over the homology of the various 
structures forming the genital tube. Generally the female genitalia is constituted 
by the eighth and ninth segments of the abdomen. In G. indicus the ovipositor 
is constituted by the paired quadrate plate (Qdp), paired triangular plate 
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(Trp), paired oblong plate (Ob) and a pair of valvifers (Vlv) compositely 
forming the stylets. 
Each quadrate plate (Qdp) is a long tubular sclerite which is widened 
basally and narrowed proximally. The basal end of quadrate plate (Qdp) is 
articulated with the triangular plates (Trp). The triangular plate (Trp) is a 
densely sclerotic piece and the marginal layer dorso-laterally carries the 
groove for the smooth movement of the valvifers. It also bears several setae 
on it. Anteriorly it is articulated with the quadrate plate (Qpd). 
The oblong plate (Ob) is a long, flattened strip laying between the two 
quadrate plates. Anteriorly, it is forming a tongue like structure which is 
called as sheath (Sh). Posteriorly, it is attached to the triangular plate. The 
two plates combine to form a groove for the stylets. 
The two long tube like valvifers compositely constitute the lancet. 
Proximally they are attached on the dorso-lateral margin of the triangular 
plate. Anteriorly these two constitute the shaft structure of the ovipositor. The 
lancet is situated in between the two stylets which helps in the movement of 
the eggs into the groove of the stylets. At the time of oviposition the two 
stylets are extended out in the form of a tube. 
BIONOMICS 
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LIFE HISTORY 
In the course of present study, a survey of the available literature has 
revealed that not much work had been done on the life cycle of G. indicus 
Gardner (1937) has described only some salient features of the larval stages 
of G. indicus, whereas Beeson (1941) confined himself to only reporting 
Gardner's observations regarding the characteristic features of the species. 
Roonwal and Chatterjee (1952) have given restricted descriptions pertaining 
to the measurements and colour of different stages of G. indicus. However, 
Nair (1970) has studied in detail some aspects of the life cycle of G. indicus. 
Therefore it becomes necessary for the present author to undertake an 
elaborate study of the life cycle of G. indicus under laboratory conditions. 
The observations regarding the life history were made on the specimens 
cultured in the laboratory under controlled conditions of temperature and 
humidity. The specimens for raising the culture in the laboratory were collected 
from infested books present in the Maulana Azad Library of the University. 
The egg clusters, larvae, pupae and newly emerged adults were collected and 
cultured in the laboratory. 
The life history of the insect was studied in the laboratory, at 
controlled temperature (28°C-30°C) and humidity (RH 60-70%) by using 
an Environmental Study Chamber. Various observations were recorded 
daily on the developmental stages of the larva, pupa and adult along with the 
breeding and feeding behaviour. 
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The egg : (Plate 27 & 28.Fig. 52-54) 
Mostly, a female was seen to lay eggs in clusters consisting of 
approximately 30-40 eggs. The size of each cluster varied according 1.0 the 
number of eggs present in it. The average size of a cluster measures about 
1-1. 5 mm. in diameter. The egg cluster is a hemispherical or dome-like 
structure with an inward concave surface. The study showed that the egg 
cluster is usually found attached to the inner surface of the binding, inside the 
tunnels and on the margins of the peripheral pages.The egg is somewhat 
rounded with creamy to light brown colour. It measures about 0.010-0.025 
mm.in diameter. Each egg is covered with a hard shell. Hatching takes place 
within 2-3 weeks at a temperature ranging from 28°C-30°C and RH 70% in 
most of the cases. 
Hatching and development of the larva: 
The young ones hatch out by breaking the egg shell. The newly hatched 
larva does not feed immediately, but rests on the cluster for a fews hours. 
Thereafter the larva moves down to the surface of the food material and 
slowly starts feeding. The rate of feeding is negligible in the early stages but 
as the larva grows it feeds voraciously. The external morphological changes 
including the change in body size and colour takes place during the larval 
growth. The body colour of the early stage larva changes from pale yellow to 
creamy white in the mature larval instar. 
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First instar: (Plate 28 Fig.55) 
The body of the larva is short and crescent shaped with the posterior 
end narrower than the anterior end. The body measures 0.4-0.6 mm. in 
length. The body colour of the newly hatched larva is pale yellow which 
gradually changes into transparent crystal white colour after a few weeks. The 
body segments are not distinct and only a few number of setae are present on 
the anterior and posterior ends of the body. The body length increases 
considerably as it becomes 40-50 days old. During this period it gradually 
forms a milky white coat all around its body. During the ecdysis the lar\'a 
stops feeding and becomes quiescent for a short period. 
The larva re-emerges from the head region of the excusva in each 
instar. The old cuticle splits out along the median of the head region. The 
larva frees itself from the excusva by muscular movements. The period of the 
first instar of the larva ranges from 52-59 days. 
The Second instar (Plate 29 Fig. 57) 
The second instar larva is more or less similar to the first instar larva. 
The body measures about 1-1.5 mm. in length. It is transparent and white in 
colour. During this phase, a thin layer of setae develops on the lateral sides 
of the body. The demarcation of body segments are distinct. There are three 
pairs of appendages visible in the thoracic region which help in their 
locomotion. Generally the feeding activity gets increased in the initial stage 
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which gradually starts decreasing and completely ceases just before the 
ecdysis. As soon as the ecdysis is over the fresh larva emerges out from the 
larval case. The second instar larval period is almost similar to that of the first 
instar i.e. 57-66 days. 
Third instar: (Plate 30 Fig. 58) 
The larva is fleshy, cylindrical and crescent shaped. The body gradually 
tapers towards the posterior end and it bears comparatively more setae. The 
body measures 1.7 mm. to 2.25 mm. in length and comprises of fourteen 
segments, which are more prominent in this instar. Thoracic appendages are 
distinct and consist of three segments. 
The larva makes small holes by eating its way into the interior of the 
book and later it travels back through the same route to the surface and starts 
making tunnels where it may feed. Carl J. Wessel (1954) and Nair (1970) 
have also reported this peculiar behaviour of the young larva. The larva in its 
feeding process causes damage to the books by making holes and irregular 
tunnels. The diameter of the hole measures about 0.125-0.25 mm. whereas 
the tunnel is measured about 1-1.2 mm.wide. These galleries are filled with 
irregular shaped faecal materials. Greater concentration of the tunnels is found 
inside the cover bindings as well as along the margins of the book leaves. The 
larva feeds on almost all kinds of materials containing cellulose such as paper, 
papier-mache sawdust, cotton, etc. The period of third instar ranges from 69-
72 days. 
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Fourth instar: (Plate 30 Fig. 59) 
It is comparatively larger, more fleshy and creamy white in colour with 
distinct segmentation of the body. Mouth parts are more or less apparent. The 
mandibles are tridentate. The upper tooth is acute and longer than the 
preceding two teeth. Each antennal spot along with its socket emerges out 
from the frons region. The larva feeds on all types of cellulose materials and 
often moves very slowly. It has almost all the characteristics of a miature 
larva. Body colour of the larva changes into metallic blue when it reaches the 
ecdysial phase. The fourth instar gives way to the fifth instar after 74-82 
days. 
Fifth instar. (Plate 31 Fig. 60) 
The body of fully matured larva measures about 3-4 mm.long. The 
larva feeds actively and attains its maximum growth in this phase. The body 
is creamy white, cylindrical and crescentic shape with comparatively swollen 
thorax and is sparsely setosed. The thoracic segments are larger than the 
abdominal segments. The body is gradually narrowed towards the posterior 
end. The antennal rudiments are visible. The fleshy body of the larva comprises 
of fourteen distinct segments. 
The movement of the larva is very slow and it feeds voraciously. After 
some time the crescent shaped larva becomes straight and remains completely 
dormant. The dormant larva takes 2-4 days to transform into a pupa. The fifth 
instar larva takes about 80-88 days for pupation. 
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The Pupa (Plate 31-33 Fig. 61-64) 
The pupa comes out by splitting the old cuticle of the fifth instar larva 
all along the middle of the head region. It slowly pushes the cuticle backwards 
by muscular movements until it forms a crumpled mass reaching upto the anal 
extremity. The pupa carries the crumpled mass for 3-4 days and later on it is 
discarded. In the early stages, the pupa is white in colour but later the colour 
changes from pale yellow to light reddish brown as the pupa grows. The body 
measures about 2.5-3.5 mm.in length. The colour of compound eyes becomes 
dark. Similarly the colour of mouth parts also changes from light brown to 
dark brown as the pupa grows. 
In the early stages the antennae, mouth parts, appendages, wings, etc. 
are in the rudimentary form. The hypognathus head is concealed with prothorax. 
The black compound eyes and antennae are slightly more developed. The 
mandibles are tridentate and dark brown in colour. The abdomen is dorso-
ventrally compressed and the abdominal segments are distinct. The pupal 
stage is an almost inactive phase and usually in this stage the pupa lies with 
its ventral side up facing the sky. Although in the early the pupa is completely 
inactive, but it flicks when disturbed. 
The advanced pupa is decticous and exarate type and has almost all 
the rudimentary structures of an adult beetle such as antennae, compound 
eyes, mouth parts, appendages, wings and external genital organs (Imms, 
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1957). Complete development takes place when it is transformed into an 
adult in due course of time. 
The pupal stage is considered harmless, as the pupa does not cause 
any damage to books. This stage may be regarded as the most vulnerable 
period of the insect,because the maximum natural mortality has been recorded 
in this phase. The pupal period ranges from 8-12 days. Nair, (1970) has also 
reported similar observations regarding the pupal period. 
Premature beetle (Plate 33-34 Fig. 65-66) 
Soon after the pupa completes its developmental stages,it gets 
transformed into a juvenile fresh beetle. In the early stages the body colour 
is light reddish brown but it gradually changes into reddish brown in due 
course of time. The fresh beetle starts to move very slowly and often falls 
down in the first trials. Gradually it moves fast and starts wandering in search 
of a mate. The male beetle is very active and appears more restless, whereas 
the female beetle is comparatively calm and slow moving. They often feed on 
paper materials but are not active feeders. Sexual maturity is attained 
within 3-5 days. 
The mature beetle (Plate 34-35 Fig. 67-68) 
The body of a mature beetle is smaller than that of a premature one. 
The size of male is smaller than that of female (ranging from 2-3 mm. in males 
and 3-4 mm. in females). In the frontal view, the length of the head is equal 
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to its width. The hypognathus head is concealed within prothorax. The black 
compound eyes are well developed. Each antenna consists of an elongated 
scape, pedicel and flagellum. The segments of the antennal club differ in size 
and shape in the respective sex. In males the third segment of the club is long 
and cylindrical whereas in females it is short and spindle shaped. Mouthparts 
are well developed. It is cutting and chewing type. They consist of a pair of 
mandibles, maxillae, a labrum and a labium. Each mandible is dark brown in 
colour and triangular in shape. The anterior region of the mandible is tridentate. 
Thorax is divisible into three prominent regions i.e. prothorax, mesothorax 
and metathorax. The hind wings are membranous and folded under the eh/tra. 
The insect flies very rarly and during flights the hind wings remain spread out. 
The life span of male beetle is about 6-8 days whereas in female it is 
8-12 days. 
Copulation (Plate 35 Fig. 69) 
Usually the breeding season occurs during the months of June, July 
and August. Nair (1970), has also reported similar observations regarding the 
period of breeding season. The breeding behaviour starts as soon as the male 
and female beetles attain sexual maturity. During the breeding period, both 
male and female come out of their hiding places and expose themselves on the 
surface in and around the infested materials. The female beetle is comparatively 
inactive, whereas the male beetle quite actively runs around in search of the 
opposite sex. 
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The male beetle approaches and feels the presence of female by its 
antennae, which play a significant role in this process. The female beetle 
offers a convenient position to copulate with the male and starts protruding 
it 's vaginal tube as soon as it comes in contact with the male. 
During the mating, the male climbs on the back of the female and holds 
elytras with the help of both fore legs and middle legs, while the hind legs 
hold the edges of elytra laterally. The abdomen of male rests on the back of 
female. The head of male remains thrusted upward just behind the scutellum 
of the female and the tip of the abdomen remains projected a little behind the 
female genital pore to insert its aedaegus for copulation. This process gets 
completed in 20 to 40 seconds. Afterwards the male falls down and both are 
seperated from each other. Usually copulation occurs during day time, 
particularly in the forenoon. Both male and female can copulate 5 to 8 limes 
per day. The male bettle dies within one or two days of copulation, whereas 
the female dies within 2 to 4 days of laying the eggs. Usually the egg clusters 
are placed on the inner surface of the bindings, inside the tunnels and on the 
margins of the peripheral pages of the books. 
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FEEDING RESPONSE OF LARVAE 
The feeding response of larvae of Gasirallus indicus was studied by 
using various food materials such as paper, papier-mache, cotton wool, 
cotton cloth, cotton cloth pasted with maida paste, maida paste, paper pasted 
with maida paste, leather pasted with maida paste, binding leather, sawdust 
and paper pasted with animal glue. These food materials were placed in 
petridishes of 8 cm. diameter under controlled temperature (28-30°C) and 
humidity (RH 60-70%) in an Environmental Study Chamber. Each petridish 
was marked with a number as shown in the Table No. 4-5. 
Ten specimens were released in each petridish. Weekly observations 
were made on the feeding response of the larvae for six weeks. 
During these observations, in petridish Nos. I and II (containing paper 
and papier-mache respectively) all the specimens survived till the end of the 
sixth week, whereas in petridish No. XI, the number of specimens found alive 
in the first, second and third weeks were 5,4 and 2 respectively and later on 
they all died in the succeeding weeks. In petridish Nos. Ill and VI, the 
survival rate of the larvae is more or less same. In the case of petridish Nos. 
IV and IX the number of surviving larvae were equal (i.e. 8) in the first week, 
but differed in the following three weeks and ultimately the number of 
survivals were found to be equal (i.e.4) in the fifth and sixth weeks. In 
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petiidisli No.V, eight larvae survived in the first two weeks, and later on their 
number remained 7 in the third week, six in the fourth week and five in the 
fifth and sixth weeks. In petridish Nos. Vll & VIII the rate of survival was 
equal i.e. 10 larvae each survived, in the first two weeks and 8 & 7 larvae 
in the third and fourth weeks and later on 6 larvae each remained in the sixth 
week. This was the second highest survival rate in the present case study. In 
petridish No.X, 8 larvae survived in the first and second weeks and 6 larvae 
in the succeeding weeks. 
Their order of preference can be deduced from the above mentioned 
observations that the larvae have a very distinct liking for paper and papier-
mache as compared to all other materials used. Sawdust, paper pasted with 
maida paste and leather pasted with maida paste come a close second in 
preference with 60% survival rate whereas leather has a slight preferential 
edge over paper pasted with animal glue where the survival rate is zero 
percent. 
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TABLE-4 OBSERVATIONS ON THE FEEDING RESPONSE OF G. INDICUS 
(Niimber of Larvae kept in each petridish=10) 
Diet in each 
petridish 
No. of survived specimens 
list 12nd 13rd |4th |5th |6th 
I Week I Week I Week Week Week Week I 
Percentage 
of survival 
(%) 
I. 
II. 
Ill. 
IV. 
V. 
VI. 
VII. 
VIII 
IX. 
Paper 
Papier 
Cotton 
Cotton 
Cotton 
pasted 
maida 
Maida 
mache 
wool 
cloth 
cloth 
with 
paste 
paste 
Paper pasted 
with maida 
paste 
.Leather 
pasted 
maida 
with 
paste 
Binding 
leather 
10 
10 
6 
8 
8 
6 
10 
10 
8 
10 
10 
6 
6 
8 
6 
10 
10 
8 
10 
10 
5 
4 
7 
5 
8 
8 
6 
10 
10 
4 
4 
6 
4 
7 
6 
5 
10 
10 
4 
4 
5 
4 
6 
6 
4 
10 
10 
4 
4 
5 
4 
6 
6 
4 
100 
100 
40 
40 
50 
40 
60 
60 
40 
X. Sawdust 
XI. Paper pasted 
with animal 
glue 
60 
00 
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TABLE 5.RATE OF SURVIVAL OF G.INDICUS 
ON VARIOUS FOOD MATERIALS KEPT FOR SIX WEEKS. 
Petridish Food items Percentage of Survival 
No. on each diet.(%) 
I Paper (PAP) 100 
II Papier-Mache (PPM) 100 
VII Paper pasted with maida paste (PM) 60 
VIII Leather pasted with maida paste (LM) 60 
X Sawriast (SD) 60 
V Cotton cloth pasted with maida 50 
paste (CCM) 
III Cotton Wool (CW) 4 0 
IV Cotton Cloth (CC^ 4 0 
VI Maida paste (MP) 4 0 
IX Binding leather (BD 40 
XI Paper pasted with animal glue (PAG) 0 
RATE OF SURVIVAL OF G. INDICUS 
ON VARIOUS FOOD MATERIALS KEPT 
FOR SIX WEEKS 
120 
1 i \ 1 \ \ 1 \ r 
PAP PPM PM LM SD COM CW CC MP BL PAQ 
DIET IN EACH PETRIDISH 
FIG. 2 
PLATE 2 
CONTROL METHODS 
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CONTROL METHODS 
The present study reveals that Gastrallus indicus is responsible for 
the severe damage caused to books, paper and allied archival materials in 
libraries, archives and museums in the country. Several workers have described 
different types of methods for the control and prevention of the insect 
infestation. These methods include use of pesticides, fumigants, environmental 
control methods, cultural control methods etc. 
Recent advances in our understanding of the chemistry of various 
insecticides, have resulted in the development of effective control measures 
for the protection of our valuable collections from the ravages of insect pests. 
At present, a large number of modern synthetic organic intoxicant such as 
Chlorinated hydrocarbons, Organophosphates, Carbomates etc. are used as 
pesticides in various fields. However, the control of insect pests is a ^ecialized 
job, and out of the wide range of available insecticides, only a few selected 
ones can be recommended for use in institutions like museums and 
libraries. 
As far as the pest control measures adopted in libraries are concerned 
the selected insecticides must be lethal to the insect even at low dosages and 
harmless to man. Moreover the insecticide should be specific to the target 
species, as far as possible and should have sufficiently long lasting effect to 
protect the collections from reinfestation. 
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Pesticides are still our most powerful weapons, in the aresenal of pest 
management, although popular opinion now a days is to minimise their use. In 
museums and libraries the use of insecticides in the form of fumigants is more 
prevalent. Fumigation technique is regarded as one of the best methods for 
controlling insect infestations of books and other allied materials. Several 
workers have recommended the use of different fumigants such as para-
dichlorobenzene, ethylene chloride, ethylene dichloride, ethylene oxide, carbon 
tetrachloride etc. for the effective control of G. irtdicus. In addition it has 
also been recommended that best results are obtained if fumigation is carried 
out in vacuum chambers. The vacuum fumigation is carried out in "high 
pressure" proof steel chambers where the toxic fumes readily enter the body 
of the insect through spiracles, causing instantaneous death. 
Weiss and Carruthers (1936) have recommended a combination of 
following methods for the control of insect pests of paper materials in general, 
which include :-
(a) Vacuum fumigation by para-dichlorobenzene, 
(b) Fumigation by carbondisulphide and 
(c) Use of certain poisons by mixing them in the binding paste. 
As suggested by them a good paste can be prepared by dissolving 
5gm. mercuric chloride and 60 drops of wood creosote, in 2 pints of rectified 
spirit and 1 oz, of carbolic acid. 
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As reported by Story (1985),a concentration of 60% carbon dioxide 
maintained in a closed chamber for 4 days at 70°F will kill all the stages of 
most of the insect pests. Kishore (1961) has suggested fumigation by para -
dichlorobenzene as one of the most effective methods for killing all types of 
insects found in books, particularly the G. indicus. Nair (1977) has 
recommended fumigation by para-dichlrobenzene creosote (PBC) vapour for 
controlling G.indicus . According to Perti (1988) fumigation with the above 
chemicals kills living larvae and active beetles, but eggs laid in furrows near 
the binding may be unaffected. Since there is a possibility of their hatching 
into larva within 2-3 weeks time,therefore a further dose of the fumigation is 
required for the complete eradication of the insect after the said period. Glenn 
et al. (1954) have stated that vacuum fumigation by ethylene oxide and 
carbondioxide produce good results in controlling bookworm infestation. 
Elaborating the process, he states that, paper materials are first exposed to 
high vacuum inorder to break the membranes of the insect, and thereafter 
treating them, with a mixture of ethylene oxide and carbon dioxide which kills 
even the mjost hard covered insects, larvae and eggs. Kathpalia (1987) has 
recommended fumigation by the crystals of para-dichlorobenzene or killoptera 
(a mixture of carbon tetrachloride and ethylene dichloride in the ratio of 1:3) 
or vacuum fumigation by ethylene oxide mixed with carbon dioxide (1:9 by 
wt.) for the control of G. indicus. 
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Besides these, several researchers have suggested various types of 
non-toxic control measures which are usually classified as traditional or 
cultural methods. The pest control by thermal regulation or by maintaining 
environmental parameters etc. are included in this category. As reported by 
Bisht (1990) and Gerard et al. (1995) neem leaves were traditionally used in 
India to keep insects away from books. They have pointed out that neem 
extracts have been found to be effective in controlling more than two hundred 
species of insect pests. 
Weiss et al. (1936) have mentioned in their bibliographical work that 
cedar wood oil was used as a book preservative to prevent insect infestations 
in the Western countries since 65 BC. Roonwal et al. (1952) have conducted 
experiments to ascertain the effect of temperature in controlling the pest 
infestations. These experiments were directed to ascertain the duration of 
exposure required for controlling the infestation by blowing hot air. Their 
studies reveal that the larvae of G. indicus get killed after an exposure of 3 
hrs. at 70°C and 4 hours at 60°C. 
Nesheim (1984) has successfully tried the deep freezing of infested 
books in the Beineke library at Yale University for controlling the Gastrallus 
infestation. Nair (1977) has pointed out that maintaining the temperature 
between 20-25°C and relative humidity between 40-60%, round the clock 
inside the buildings, can prevent insect activity to a very large extent. These 
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conditions can be attained by an efficient air-conditioning system. But where 
the technical or economical considerations make it difficult to have air-
conditioning, suitable control methods should be adopted for the eradication 
of insect pests. The available information in this regard has been appended 
here with in the tabulated form. 
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Table-6 : Recommendations made by various 
insect pests of paper materials. 
authors to control 
Type of 
infestation 
Control Method Reference 
FDMIGATION 
Infestation of 
paper materials 
by Gastrallus 
mdicus 
Fumigation by Paradi-
chlorobenzene 
Vacuum fumigation by 
carbon tetrachloride 
or ethylene oxide 
mixed with carbon 
dioxide (1.9 by weight) 
Kishore (1961) 
Kathpalia 
(1973) 
Fumigation by Paradi-
chlorobenzene 
Formaldehyde 250 gm/m 
Reaction time 24-48 hrs, 
Fumigation by killoptera 
(a mixtui e of ethylene 
dichloride and carbon 
tetrachloride m the 
ratio of 1:3) 
Kathpalia 
;i987) 
Fumigation by Paradichloro- Nair 
benzene creosote vapours (1977) 
Killopteia (225 m-'^ /m-^ ) Joshi (1989) 
Fumigation by Paradi-
chlorobezene 
Insect pests of 
paper and other 
archival mate-
rials . 
Fumigation by a mixture 
of ethylene chloride & 
carbon tetrachloride or 
ethylene oxide and 
carbon dioxide or hydro-
cyanic acid gas. 
Charles 
et al;(1935) 
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Type of 
infestation 
Control Method Reference 
Fumigation by carbon Huges AW 
disulphide at the rate Mchenny 
of 1 lb/1000 cu.ft. (1953) 
Reaction time 24-36hrs. 
Vacuum fumigation by " 
Hydrocyanic acid gas or 
carbon disulphide or 
Paradichlorobenzene or a 
mixture of Ethelene oxide 
and Carbon dioxide. 
Insect pests of 
museum materials 
Ethylene oxide 
15-lb/lOOO cu.ft. 
Edward et al. 
(1980) 
Carbon dioxide (60%) held Story (1985) 
in a closed chamber at 70°F 
Reaction time 4 days. 
INSECTICIDES (Other than fumigants) 
Boolcworm infestation Rebinding of infested boolcs 
by using poisnous paste. 
Incorporation of poison in 
the binding paste prepared 
by dissolving 5 gm mercuric 
chloride and 60 drops of wood 
creosote in 2 pints of 
rectified spirit and 1 oz. 
of carbolic acid. 
Spraying suitable places with Hughes Aw 
residual insecticides like Mclcemmy 
DDT,BHC, Chlorodane etc.taken (1953) 
in a Kerosene base. 
House hold insects 
feeding on cellu-
materials 
Spraying or brushing with 
diluted with water 20-25 pm. 
Spraying aldrin diluted with 
acetone or benzene. 
Agrawal 
(1985) 
Spraying Malathion diluted 
with water 145 ppm. 
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Type of 
infestation 
Control Method Reference 
NOW-TOXIC METHODS 
Insect pests(paper 
materials) 
use of insect-proof paper 
by using repellent and 
medication 
Use of Cedar oil as book 
preservative 
Spraying or dusting with 
pyrethrum. 
Use of neem leaves as an 
insect repellent 
Hot-air treatment of infes-
ted materials at 60°C for 
a period of 4 hrs. 
Deep freezing of infested 
materials 
Storing of paper materials 
in vermin proof cub boards 
with metal shelvings. 
Rossman Joseph 
(1935) 
Weiss et al. , 
(1936) 
Agrawal 
(1985) 
Bhisht 
(1990) 
Roonwal et al 
(1952) 
Nesheim 
(1984) 
Bhowmik 
(1968) 
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FUMIGATION 
As defined by Monro (1980), a fumigant isa chemical substance which 
at a required temperature and pressure can exist in gaseous state, in sufficient 
concentration to be lethal to a given pest population. Fumigation is regarded as 
one of the best methods for controlling insect pests of paper and other archival 
materials. The practice of fumigation is quite prevalent in different museums and 
archives, in our country. The fiimigation treatment can be given either to individual 
book or to a large number at the same time and in cases of severe infestation, 
to the building as a whole. Fumigation can only be effective if the materials are 
treated in a closed space. 
A critical analysis ofthe recommendations made by various workers shows 
that para-dichlorobenzene is the most reliable and commonly used fiimigant for 
the control of G. indicus. It is non-explosive, non-inflammable, and does not 
cause staining. Moreover it does not leave any toxic residue or any residual odour 
among treated materials. Fumes of para-dichlorobenzene possess a comparatively 
higher degree of penetration power than other and it can be successfully used 
in a closed chamber or in an air-tight bag at normal room temperature and 
pressure. It is easily available and economically feasible for use in museums, 
archives and libraries. However,it is known to soften some plastics, resins, tar 
paper and affects pigments on leather. It forms chlorine gas in closed containers 
which may bleach specimens. 
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Edwards S. R. et al (1980) have reported that :-
(1) This pesticide is currently under review by EF^ A for registration of 
institutional use. 
(2) It should not be used in open space, it is heavier than air and should 
always be placed at the top of the space to be treated. 
As regards the health related effects of the pesticide. Edwards S. R. (1980) 
has mentioned that it may affect liver, kidneys, respiratory organs, skiny^yes and 
central nervous system. The route of entry of the toxicant is through contact with 
skin, inhalation of fumes or ingestion of the insecticide. Therefore, it is suggested 
that use of gloves and respirators is a must while handling para-dichorobenzene. 
The present author has opted to conduct certain experiment to evaluate 
the toxic efficacy of para-dicholorobenzene against G. indiciis and to estimate 
the quantity of the fiimigant required for the effective fumigation of a given space 
which are described in the following pages. 
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EVALUATION OF THE TOXIC EFFICACY OF PARA-
DICHLOROBENZENE AGAINST G.INDICUS AND ESTIMATION 
OF QUANTITY OF FIJMIGANT REQUIRED FOR EFFECTIVE 
FUMIGATION OF A GIVEN SPACE. 
The experiments were carried out under normal room temperature ranges 
of between 28-34°C, R.H. 60-65% and atmospheric pressure 76 mm Hg. A few 
old books of approximately same sizes and volumes, having "dead" infestation, 
were selected to be used for the experiment. Ten larvae of more or less the same 
size were released in each book at different places, marking their locations by 
noting the page numbers. At a time one book (along with ten larvae) was exposed 
to 15 gms. ofpara-dichlorobenzene in the closed chamber (of 15"x 15"x 15") 
where it was maintained for a week (7 days). The first observation to record 
the mortality count was made after 3 days of exposure. Later, subsequent 
observations were made after 24 hrs. Subsequently same procedure was repeated 
using different quantities of the fumigant i.e. 20 gm, 25 gm and 30 gm, every 
time using a separate book, with ten larvae. 
Thus the toxic efficacy of different quantities of the fumigant was assessed 
by the total mortality count of the larvae during the total period of seven days. 
While counting the number of mortalities the morbid larvae were also regarded 
as dead. The experiment was repeated five times with each quantity of the 
intoxicant. The mortality data thus obtained was subjected to probit analysis and 
used for drawing regression lines to determine the lethal dose (LD ) value of 
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each quautity of intoxicant as described by Finney (1952). The results are 
presented in tabulated form showing the percent of mortality, log dose, probit 
analysis and regression lines in table no.7.page no.65. 
It is apparent from the study that there is positive correlation between 
the quautity of fumigant used and the percentage of mortality of the larvae 
obtained. The lethal dosage was calculated by dividing the LD^^  value obtained 
by the volume of fiimigation chamber. This is expressed by quantity of fuimigant 
required per volume of the fumigation chamber. The result indicates that 334 
gm para-dichlorobenzene per cubic meter is sufficient to obtain cent per cent 
mortality of the larvae. It also reveals that the use of para-dichlorobenzene above 
360 gm/m^ will be an excess amount and unnecessary wastage of the fumigant. 
Whereas the quantity below 270 gm/m ^ will be insufficient to achieve the desired 
result. The advantage of fiimigation is that a large number of books can be 
effectively fumigated at a time by using large chambers. 
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Fig. 3 : The line a - a' represents the calculated regression 
hne while Y^^ and Y ,^ represent the lower and the 
upper limits respectively to calculate the fiducial 
limits of LD^P for Para-dichlorobenzene agamst 
larvae ofGastrallus iiidicus. Point N represents a 
working probit ( Y ) for 90 % killing. 
PARADICHLORBENZENE 
Limitft 
Upper 
Lower 
LOG.DOSE-l-5 
6.3 
6.177 
ANTIL0G(X-5) 
19.95 
15.02 
l O r 
6.2 6.3 
LOG DOSE +5 
F i g . 3 : REGRESSION LINES OF PARADICHLOROBENZENE BETWEEN LOG 
DOSE + 5 AND PROBlT MORTALITY. 
PLATE 3 
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BIOASSAY OF INSECTICIDES 
Several workers (Pradhan et al. (1955, 1956, 1957 & 1958) Pali 
(1960), Trehan et al. (1961) and Pajni (1965) have studied the relative 
toxicity of various insecticides against different insect pests. In the present 
investigation, the present author has conducted similar studies on the relative 
toxicity of different insecticides against the larvae of G. indicus. Experiments 
were conducted to determine the efficacy of various standard insecticides 
against G. indicus under laboratory conditions. The relative toxicity of 
various insecticides such as fenitrothion, malathion, sevin and milphos on the 
larvae, was determined by exposing the larvae to a residual film of insecticides 
in petridishes of 8 cm. diameter. Technical grades of the insecticides were 
obtained from reliable resources for the preparation of stock solutions in 
acetone. Different grades of the insecticides were prepared by adding required 
quantity of the insecticide in to a known volume of acetone. Hypodermic 
syringes of 5 ml. capacity were used for measuring and transferring the 
different grades of the insecticides. For the sake of uniformity and easy 
comparison of data only five doses of each insecticide were used. The results 
are presented in tabulated form (table No. 8-11. 'Showing the percentage of 
mortality and log dose and the probit analysis. 
Five different concentrations of each insecticide i.e. 0.065%, 0.125%, 
0.25%, 0.5% and 1 % were prepared. The desired residual film of each 
concentration was obtained by directly pouring 1 ml. of the concentrate into 
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a petridish and rotating the same in such a manner that a uniform layer of 
deposit is formed. The treated petridishes were evaluated for their residual 
toxicity, by releasing ten larvae in each for a period of 15 minutes. Thereafter, 
the larvae were transferred into a clean petridish containing proper food 
materials. The insecticidal effectiveness was assessed by taking mortality 
count after a 72 hours postexposure period. The morbid larvae were also 
included among dead. The experiment was replicated five times with each 
dose under the same conditions. Thereafter the same residual films were re-
tested after a period of two weeks for ascertaining the aging effect. The 
results show that 2 weeks of ageing have no conspicuous effect on the film as 
the mortality rate of the larvae remained more or less the same. 
The experiment was performed under laboratory conditions durijtig the 
month of October when the temperature and relative humidity at Aligarh 
ranges from 30-32°C and 60-65% respectively. 
The mortality data thus obtained was subjected to probit analysis and 
used for drawing regression lines to determine the LD^^ , values of each 
insecticides as described by Finney (1952) and Busvina (1971). 
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RESULT AND DISCUSSION 
The results of the experiment reveal that out of the four insecticides 
tested, fenitrothion has the most toxic effect while sevin has the least toxicity 
in low concentrations. Taking the standard LD^^  value of milphos as 1, the 
order of relative toxicities of these insecticides can be deduced as, fenitrothion> 
malathion>milphos> sevin, having relative toxicity values in the following 
decreasing order, 1.77> 1.07> 1> 0.564. 
Since the use of the lowest possible concentration of the insecticides is 
advisable to minimise the harmful effects to human beings,therefore the 
minimum concentration can be recommended at the lower limit of LD^, which 
are sufficient to kill 90% of the larvae. 
On the basis of their toxic effectiveness the preferential order of using 
the insecticides against G. indicus, is fenitrothion followed by malathion and 
then milphos. Out of these insecticides fenitrothion is comparatively the most 
effective and gives the highest mortality at low concentrations. Thus fenitrothion 
can be recommended as a residual insecticide at a concentration of 0.110% 
or even 0.0625% against the G. indicus larvae after ensuring its side effect 
to human beings. However no insecticide is completely safe to human beings 
therefore, precautions have to be taken to avoid frequent contact with the 
insecticides treated materials. Keeping in mind the general human behavior of 
licking fingers while turning pages of the book, direct application of the 
68 
insecticide on tbe paper materials should be avoided in order to minimise the 
effect of these hazardous chemicals. However, these insecticides can be used 
for impregnating the paper which may be used for covering the surfaces where 
the infestation is to be controlled. In this process fullscape sized sheets of 
blotting paper are impregnated with desired concentration of the insecticides. 
The treated sheet can be placed inside the infested books, shelves and other 
places where the paper materials are stored. Care should be taken to cover 
the bottom and side of the storage shelves with the treated sheets. The 
adventages of this method is that it ensures frequent contact of the insects 
with the poison while the library personnel would have minimum contact with 
the toxicant once the sheet is placed in its proper places. 
Besides this, these insecticides can also be used as residual spray 
which can be sprayed in and around where the paper materials are stored. It 
can be helpful in creating a long lasting chemical barrier against the insect 
attack. In India customarily some (biocides) are mixed in the binding paste 
out of which the most common is coppersulphate, probably these act as a 
rodenticide and fiingicide. However these possibilities should be explored 
regarding the use of one of the aforesaid chemicals in a safe concentration as 
one of the components of the paste used m bindings to minimise the infestation. 
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Fig. 4 : The line a - a' represents the calculated regression 
line while Y^^ and Y^ represent the lower and the 
upper limits respectively to calculate the fiducial 
limits of LD J^I for Fenitrothion against lan'ae of 
Gastrallus mdicus. Point N represents a working 
probit ( Y ) for 90 % killing. 
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Fig. 4: REGRESSION LINES Of FENlTRIOTHION-50-EC BETWEEN LOG. 
DOSE + 5 AND PROBIT MORTALITY. 
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Fig. 5 : Tlie line a - a' represents the calculated regression 
line while Y^  and Y^  represent the lower and the 
upper limits respecti\ ely to calculate the fiducial 
limits of Ln^ p for Malatbion against larxae of 
Gostrolhis nidicus. Point N represents a working 
probit ( Y ) for90 % killing. 
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Fig. 6 : The line a - a' represents the calculated regression 
line while Yj and Y^ , represent the lower and the 
upper limits respectively to calculate the fiducial 
hmits of Lo^ g for Milphos against lar\'ae of 
Gastrallus nidicus. Point N represents a working 
probit ( Y ) for 90 % killing. 
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Fig. 6: REGRESSION LINES Of MlLPHOS-3 6 SL BETWEEN LOG. DOSE + 5 
AND PROBIT MORTALITY. 
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Fig. 7 : Tlie line a - a' represents the calculated legies'^ ioii 
line while Y| andYj, represent the lowei and the 
upper limits respecti\'ely to calculate the fiducial 
limits of Li), for Sevin aeainst lanae of 
Gastrallus indicus. Point N represents a woiking 
probit ( Y ) for 90 % killing. 
SEVIN 
Limits 
Upper 
Lower 
LOG.OOSE + 5 
4.77 
4.43 
ANTIL0G(X-5) 
0589 
0.269 
lOr 
3.8 4.0 4.2 4.4 4.6 
LOG DOSE +5 
4.8 5.0 5.2 
Fig. 7: REGRESSION LINES Of SEVIN BETWEEN LOG. DOSE + 5 PROBIT 
MORTALITY. 
PLATE 7 
77 
Table No.12: Showing the common name, commercial name,chemical 
formula and source of supply of different Insecticides used. 
Name of the 
insecticide 
Commercial 
name 
Chemical 
formula 
Source of supply. 
Fenitrothion-50EC Folithion 
Malathion-50EC Malathion 
Monocrotophos-36SL Milphos 
CgH^2N05PS 
''10"l9°6^^2 
C11H15O3N 
Bayer (India),Ltd. Bombay. 
Cynamid, India Ltd. Bombay. 
Laboratory of pest management, 
A.M.U. Aligarh. 
Carbaryl Sevin Cl2"l202N Laboratory of pest management, 
A.M.U. Aligarh. 
r A':c No. 
(|^ T-'^fc97^ J^h 
*<0 ^! ;M ijMvER-^  <^^-.>-
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EFFECT OF TEMPERATURE ON THE LARVAE 
Experiments were conducted to ascertain the effect of temperature on 
the fifth instar larvae of Gastro/lus mdicus. To conduct the experiment, two 
cardboard boxes measuring 6" x 3"x I" were prepared. Each box was loosely 
packed with paper cuttings. Thereafter twenty five larvae were released in 
each box. The boxes were covered by using a polythene bag which was 
sealed with the help of cellophane tape. The first box was maintained at -5°C 
and the second box at 0°C for 48 hours in a freezer. The first observation 
regarding the effect of temperature on the larvae were recorded after an hour 
and later on observations were made after every 4 hours. 
It is observed from the study that there is a progressive correlation 
between the duration of exposure and rate of mortality. In the second box the 
larvae did not show any apparent effect after an exposure of one hour but 
they showed an adverse effect of inactiveness after an exposure of 4 hours at 
0°C, whereas in the first box about 12% larvae remained morbid after an 
hour and the comparative rate of mortality was much more after each four 
hourly interval at - 5°C. Increase in the duration of exposure shortens the 
viability of the larvae. 
After an exposure of 24 hours at 0°C, only a few larvae were found 
dead, but the rate of mortality gradually increased with the increase in the 
exposure duration. No larvae were found alive after an exposure of 20 hours 
at -5°C and of 48 hours at 0°C. 
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On the basis of the above observations it is concluded that the larvae 
cannot survive in adverse conditions of very low temperature. According to 
the present observations 24 hours exposure at -5°C and 48 hours exposure 
at 0°C would be required to control the infestation. Therefore freezing of 
books (sealed in polythene bags) either for 24 hours at -5°C or for 48 hours 
at 0°C can be recommended for the control of G.indicus in museums and 
libraries. This method is comparatively safer and economical for treating the 
books and other archival materials infested by G. indicus. Nesheim (1984) 
has tried deep freezing of infested books in Beineke library at Yale University. 
He has classified freezing method under the non-toxic method of eradicating 
the book infesting insects (particularly the Gastrallus species). 
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TABLE :14. EFFECT OF TEMPERATURE ON G. INDICUS 
Number of larvae exposed =25 
Duration Effect of exposure 
of exposure at -5°C 
in hours 
Effect of exposure at 
C C 
Number Per- Number Per- Number 
of Mor- cen- of dead cen- of Mor-
bid tage larvae tage bid 
larvae of of larvae 
Mor-
bid-
ity 
(%) 
12 
32 
36 
48 
24 
0 
-
-
-
-
-
-
_ 
00 
02 
06 
13 
19 
25 
-
-
-
-
-
-
-
Morta-
lity 
(%) 
00 
08 
24 
52 
76 
100 
-
-
-
-
-
-
_ 
00 
01 
03 
05 
10 
14 
17 
20 
16 
11 
06 
02 
0 
Per- Number per-
cen- of dead ren-
tage larvae tage 
of of 
Mor- Morta-
bid- lity 
ity 
(%) (%) 
04 
08 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
03 
08 
09 
12 
06 
0 
00 
04 
12 
20 
40 
56 
68 
80 
64 
44 
24 
08 
0 
00 
00 
00 
00 
00 
01 
03 
05 
09 
14 
19 
23 
25 
00 
00 
00 
00 
00 
04 
12 
20 
36 
56 
76 
92 
100 
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TABLE 15. RATE OF MORTALITY AT 'S'C. 
(Number of larvae exposed = 25) 
Duration of Percentage 
exposure in of mortality 
hours (%) 
01 00 
04 8 
08 24 
12 52 
16 76 
20 100 
RATE OF MORTALITY AT -5 C 
100 
p 
e 
r 
c 
e 
n 
t 
a 
0 
e 
o 
f 
m 
o 
r 
t 
a 
{ 
I 
t 
y 
04 08 12 16 
Duration of exposure in hours. 
Fig. 8 
20 
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TABLE 16. RATE OF MORTALITY AT 0°C 
(NiJinber of Larvae exposed=25) 
Duration of Percentage of 
exposure in mortality 
hours % 
20 04 
24 12 
28 20 
32 36 
36 56 
40 76 
44 92 
48 100 
RATE OF MORTALITY AT 0 0 
100 
p 
e 
r 
c 
e 
n 
t 
a 
0 
e 
o 
f 
M 
o 
r 
t 
a 
I 
I 
t 
y 
20 24 28 32 36 40 44 
Duration of exposure in liours. 
FtQ. 9 
48 
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THE INTEGRATED PEST CONTROL 
As there is no single method known to the science of pest management 
which could give an everlasting solution to the challanges posed by the 
insects. Therefore it becomes imperative to design an integrated pest control 
programme for the prevention and control of insect infestation. 
In the present study, the available literature on pest control measures 
has been reviewed and analysed with the hope that these studies will help in 
designing an integrated control programme of bookworm infestation on paper 
materials. Thus an attempt has been made to design an integrated pest control 
programme for the prevention and eradication of bookworm infestation from 
the museums, libraries and archives. 
The use of pesticides is accepted as an important component of the 
integrated pest control programme in which different types of techniques are 
blended to control the harmful insects with minimal effect on human beings 
and the environment. However, in institutions like museums and libraries, the 
control measures should aim at the complete eradication of the pest population, 
contrary to the approach adopted in the field of agriculture where the 
objective is to bring down the pest population to keep it below the threshold 
level. Therefore, in the case of such institutions we should move beyond 
integrated pest management (IPM) to an approach which may be called 
integrated pest eradication (IPE) prograimne. 
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The integrated pest eradication programme should help not only in 
controlling the insect pests ,that have already entered and proliferated within 
a building , but also serve as a means of long term strategy for the prevention 
of fresh attacks. Such a programme should comprise of all types of curative 
and precautionary measures (including the use of different toxic and non-toxic 
methods)aimed at the eradication and prevention of insect infestations. 
Environmental control method like maintaining the temperature between 
20-25°C and relative humidity between 40-60 % round the clock (inside the 
building)can prevent insect activity to a very large extent and these conditions 
can be maintain by an efficient air-conditioning system. 
An understanding of the habitat, ecology,behaviour and life history of 
the insect concerned would be a prerequisite for accurately forecasting an 
outbreak of the insect attack. In the case of G. indicus, the outbreak of 
infestation mostly takes place during its breeding season that usually occurs in 
the months of June, July and August, when the beetles fly and disperse 
themselves in search of suitable sites, for egg laying. Therefore to prevent 
such outbreaks of insect attack, disinfestation of the collections should be 
carried out prior to the beginning of the breeding season. 
Precautionary measures such as setting up chemical and physical barriers 
like screening of all the openings in the building and use of residual insecticides 
and periodic use of fiimigants and repellents indisde the closed spaces of the 
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book shelves may help in preventing the insect attacks. In addition to this, 
infestation can also be checked, by providing some gap (as a physical barrier) 
between books while arranging them in a shelf so that the larvae are prevented 
from moving from one book to another by making holes and tunnels. 
Usually the bookworm infestation starts due to the addition of already 
infested materials to the existing collection, poor maintenance and long-term 
negligence of stored paper materials. Field investigations have revealed that 
books in the reserve sections of libraries are more prone to infestation than 
those which are in frequent circulation. This may be due to the fact that most 
of the unused and old books remain dumped there for a long period. This 
indicate that regular use of books may prevent the infestation due to the 
unintentional destruction of insects by the users. Therefore, it can be suggested 
to the librarians that 'Met the books be used to check the infestation''. 
Moreover some of the precautionary measures suggested below would 
also be helpful in keeping the insect away from libraries. 
i) Disinfestation of new additions especially the old books, should be 
carried out before adding them to the existing collections. This 
quarantine treatment is necessary as usually the spreading of the 
infestation occurs during transportation of already infested materials 
to new places. 
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ii) Thorough periodical checking of the collection for sign of pest infestation 
iii) Immediate isolation of the material showing any sings of infestation and 
subjecting the same to the disinfestion trearment. 
iv) Physical isolation and disinfestation process can be achieved by 
keeping the objects in hermetically sealed polythene bags or in air-
tight almirahs which should liberally charged with sufficient quantities 
of chemical repellents or fumigants. 
v) Periodic fumigation treatment preferably prior to the beginning of the 
breeding season helps in controlling the pest species. 
vi) Periodic thorough cleaning, dusting and removal of pest harbourages in 
and around the book shelves considerably helps in controlling the 
insect infestations. 
vii) Adoption of physical control measures such as use of traps (pheromon 
traps, and light traps etc), regular removal of dust and dirt by using 
vacuum cleaners and avoidance of wooden book shelves etc. can be 
contributory considerably in maintaining a pest free environment in the 
storage areas of libraries and museums. 
viii) The librarians are suggested to keep the books in constant circulation. 
ix) Periodically the collection should be subjected to fumigation or spraying 
of appropriate amount of inseticide in consultation with some experienced 
agency in the field of pest management. 
CONCLUSIONS 
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CONCLUSIONS 
1) Paper materials are highly susceptible to the attack of various insect 
pests due to the nutrient nature of the cellulose. 
2) The importance of Gastrallus iyidicus was evaluated as one of the 
most important and common pests which causes serious damage to 
paper materials in libraries, museums and archives. 
3) Infestation of paper materials by G. indicus has been reported not 
only from India but also from many places especially the South East 
Asian countries. 
4) The survey conducted by the author revealed that bookworm infestation 
is widespread throughout India. 
5) The development of larval stage of G. indicus gets completed in about 
one year whereas the life span of the adult is about 2-3 weeks. 
6) The larva is a voracious eater and during its feeding process it causes 
considerable damage to paper materials by making holes and tunnels. 
7) The damage caused by G. indicus can be distinguished from ones 
caused by other pests of books by the presence of circular pin-
holes(about 1 mm. in diameter) mainly on book bindings and irregular 
tunnels in the book leaves. 
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8) The pupal stage can be considered harmless as the pupa does not 
cause any damage to paper and may be regarded as the most vulnerable 
stage of the insect since maximum natural mortality has been recorded 
during this phase. 
9) The larva shows a very distinct liking to paper materials over other 
food materials used in the experiments. But sawdust, paper pasted with 
maida paste and leather pasted with maida paste come second in 
preference, whereas paper pasted with animal glue is the least preferred. 
10) Fumigation by using para-dichlorobenzene was found to be effective to 
control G. indicus. Fumigation of infested books in a closed chamber 
by using para-dichlorobenzene (334gm/m^) for a week was found 
enough to achieve cent percent larval mortality. 
11) However the above fiimigant kills larvae, pupae and adults, but eggs 
laid in furrows may be unaffected. Hence there is a possibility of 
hatching into larvae within 2-3 weeks. Therefore a further dose of 
fumigation is required after the said period for the complete eradication 
of the insect. 
12) Out of the four insecticides viz. fenitrothion, malathion, milphos and 
sevin (tested against the larvae to assess their toxic efficacy), fenitrothion 
was found to be the most toxic to larva whereas sevin was relatively 
less toxic(in low concentrations). 
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The relative toxicity of these insecticides was deduced in the following 
decreasing order, fenitrothion > malathion> milphos > sevin having the 
respective values of 1.77 > 1.07> 1 >0.56. 
13) Any one of the suitable said insecticides can be employed for 
impregnating the paper in required strengths of the solution of the 
intoxicant and the same can be used for covering the surfaces where 
the infestation is to be controlled. Moreover, any one of the suitable 
insecticides can also be used as a residual spray which can be sprayed 
in and around the places where paper materials are stored. This can 
be helpful in creating a long lasting chemical barrier against the insect 
attack. 
14) Freezing of infested books either for 24 hours at -5°C or for 48 hours 
at 0°C were found to be effective in controlling the infestation. Thus 
freezing the books after wrapping them in a polythene bag can be 
recommended for controlling the infestation. 
15) The integrated pest control programme should help in not only controlling 
the insect pests that have already entered and proliferated within a 
building but also in serving as a means of long term strategy for the 
prevention of fresh attacks. Such a programme should comprise of all 
types of curative and precautionary measures including the use of toxic 
and non-toxic methods aimed at the eradication and prevention of 
infestations. 
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16) An understanding of the habitat, ecology, behaviour and life history 
of the insects concerned, would be a prerequisite for the accurate 
forecasting of outbreaks of the insect attack and planning and designing 
effective precautionary and control strategies in advance. 
17) In the case of G. indicus, the outbreak of infestation mostly takes 
place during its breeding season that usually occurs in the months of 
June, July and August, when the beetles fly and disperse themselves in 
search of suitable sites for egg laying. Therefore disinfestation of paper 
materials should be carried out prior to the beginning of the breeding 
season of the insect. 
18) In cases of severe infestation, fumigation of the entire building is 
recommended for effective control of the pest. 
19) Precautionary measures such as setting up of physical and chemical 
barriers (against the insect) in the form of screening of all entrances, 
windows and other openings of the building and use of residual 
insecticides, periodic use of fumigants and repellents may help 
considerably in controlling the insect attack. 
20) Spreading out of the infestation by larval locomotion can be checked 
by providing some gap (as a physical barrier) between the books while 
arranging them in a shelf. 
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21) Disinfestation of new additions especially the old books, should be 
carried out before adding them to the existing collections This 
quarantine treatment is necessary as usually the spreading of the 
infestation occurs during transportation of already infested materials to 
new places. 
22) Immediate isolation of the material showing any sign of infestation 
and subjecting the same to the disinfestation treatment 
23) Physical isolation and disinfestation can be achieved by keeping the 
objects in hermetically sealed polythene bags or in air-tight almirahs 
which should liberally be charged with sufficient quantities of chemical 
repellents or fumigants 
24) Maintaining the temperature between 20-25°C and relative humidity 
between 40-60% round the clock (inside the building) can considerably 
prevent the harmful activities of the pest species. Such conditions of 
temperature and humidity can be maintained by installing an efficient 
air-conditioning system. 
25) Unused books are found to be more prone to infestation than those in 
frequent circulation Therefore, it can be suggested to the custodians of 
the books that ' 'Let the hooks be used to check the infestation''. 
SUMMARY 
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SUMMARY 
Gastrallus indicus R. (Anobiidae: Coleoptera) is regarded as one 
of the most serious pests of paper materials. It is commonly known as 
Bookworm. Several workers have reported severe damage caused by G. 
indicus to paper materials and palm-leaf manuscripts from different parts 
of the world. It had become evident from the study of the available 
literature that not much work had been done on the distribution, morphology, 
bionomics and control of G. indicus. Therefore, a detailed study on the 
subject was undertaken as a prerequisite for understanding the bionomics 
of the insect and designing effective control strategies with the hope that 
this would be useful to the custodians of the museum and library 
collections who would like to devise long lasting control operations and 
precautionary measures for protecting their precious collections. 
The infestation of paper materials by G. indicus is commonly found 
in tropical humid regions. Several species of Gastrallus have been 
identified from different parts of the world. 
As reported by Nair (1977) and Agrawal et al. (1972) and also from the 
personal communication received by the present author from different museums, 
libraries and archives, it seems that G. indicus is widely distributed in India. Based 
on the above mentioned information a cursory survey map of India has been 
prepared showing different regions from where information regarding 
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bookworm infestation was received. However,in future^a detailed study is 
required to be done to ascertain the exact extent of distribution of the pest 
in different parts of the country. 
During the study, egg clusters, larvae and adults of G. indicus were 
locally collected from the Moulana Azad Library at A.M.U., Aligarh. I took 
the help of the Entomology Section of the Department of Zoology and the 
International Institute of Entomology, London, to identify the species. 
The biology of the insect was studied in our laboratory under controlled 
conditions of temperature and relative humidity. Observations were made 
daily on the developmental stages of the larva, pupa and adult along with the 
breeding and feeding behaviours. 
Mostly the egg clusters were found attached to the inner surface of 
the bindings and inside the tunnels as well as on the margins of the peripheral 
pages of books. The average size of an egg cluster measured about 1-1.5 
mm. in diameter and consists of approximately 30-40 eggs. Hatching took 
place within 2-3 weeks (at controlled temperature ranges of 28-30°C in most 
of the cases). 
Five larval instars were recorded. The body of a mature larva was more 
or less elongated in shape, gradually narrowed towards the posterior end. 
The legs are short, without claws and terminate into globular pads which may 
be regarded as a peculiar characteristic of the genus Gastrallus ( among 
Anobiids). The larva is a voracious eater and during its feeding process it 
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causes severe damage to paper materials The development of larval 
stages gets completed in about one year (under laboratory conditions) 
The experiments conducted regarding the feeding response reveal that 
the larva shows a distinct liking for paper materials over other food materials 
if made available along with paper. 
The pupal stage is considered harmless as pupae do not cause any 
damage to paper materials.This stage may be regarded as the most 
vulnerable period of the insect because maximum natural mortality has 
been recorded during this phase.The pupal period ranges from 8-12 
days.Soon after^the pupa completes its developmental process and gets 
transformed into an adult. 
Male beetles are comparatively smaller in size than female. The 
average size of a male beetles is 2-3 mm. whereas average female size 
is 3-4 mm. The copulation starts soon after the beetle attain sexual 
maturity. The breeding usually takes place during the months of June, 
July and August. After mating the female fly away from males and 
disperse themselves in search of suitable sites for egg laying. The life 
span of adult is about 2-3 weeks. 
Pesticides are still, our most powerful weapons in the arsenal of pest 
management, although popular opinion now a days is to minimising their use. 
During the experiment conducted for determining the toxic efficacy of four 
insecticides, it was also observed that out of the four insecticides viz 
fenitrothion,malathion,milphos and sevin,tested against the larvae, fenitrothion 
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was found to be the most toxic to larva, whereas sevin was relatively less 
toxic (in low concentrations). The relative toxicity of these insecticides 
was deduced in the following decreasing order fenitrothion > malathion 
> milphos > sevin having respective values of 1.77 > 1.07 > 1 > 0.56. 
Based on the above conclusions any one of the suitable intoxicant 
can be employed for impregnating the paper in required strengths of the 
solution and the same can be used for covering the surfaces where the 
infestation is to be controlled. It can also be used as a residual spray which 
can be sprayed in and around places where paper materials are stored 
for creating a long lasting chemical barrier against the insect attack. 
Further non toxic methods like the freezing technique shows that 
freezing of infested books for either 24 hrs. at - 5°C or for 48 hrs. at 
0°C are very effective in combating bookworm infestation. Hence freezing 
the books after wrapping them in a polythene bag can be recommended 
for controlling the insects infestation. 
Fumigation is regarded as one of the best methods for controlling 
insect pests of paper materials. Fumigation of infested books in a closed 
chamber using para-dichlorobenzene (PDB) 335 gm/m' for a week was 
found enough to achieve cent percent larval mortality. However the 
above fumigant, kills larvae, pupae and adults but eggs laid in furrows 
may be unaffected. Hence there is a possibility of their hatching into 
larvae within 2-3 weeks. Therefore further dose of fumigation is required 
for the complete eradication of the insect after the said period. 
99 
As there is no single method, known to the science of pest 
management which could give an everlasting solution to the challenge 
posed by the insects, therefore it becomes imperative to design an 
integrated pest control programme for the prevention and control of the 
infestation. The use of pesticides is accepted as an important component 
of the integrated pest control programme in which different types of 
techniques are blended to control the harmful insects with minimal effect 
on human being and the environment. However, in institutions like 
museums and libraries, the control measures should aim at the complete 
eradication of the pest population, where the objective is to bring down 
the pest population to keep it below the threshold level. Therefore, in 
case of such institutions we should move beyond integrated pest management 
(IPM) to an approach which may be called integrated pest eradication 
(IPE) programme. The integrated pest eradication programme should help 
not only in controlling the insect pests that have already entered and 
proliferated within a building, but also serves as a means of long term 
strategy for the prevention of fresh attacks. Such a programme should 
comprise of all types of curative and precautionary measures (including 
the use of different toxic and non toxic methods) aimed at the eradication 
and prevention of insect infestation. For the prevention and eradication 
of insect infestations in the library and museum buildings, the author 
would like to suggest the following (as an integrated programme). 
1 Quarantine treatment to be given to the new materials before adding 
to the collections. 
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2 Thorough periodical checking of the collection for signs of pest 
infestation 
3 Immediate isolation of the material showing any signs of infestation 
and subjecting the same to the disinfestation treatment 
4 Keeping the object as far as possible in hermatically sealed 
polythene bags charged with chemical repellents or fumigants 
5 Use air-tight Almirahs, drawers, etc for storing purposes. 
6 The librarians are suggested to keep the books in constant use 
7. Periodically the collection should be subjected to fumigation or 
spraying of appropriate insecticide in consultation with some 
experienced agency in the field of pest management 
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Fig 10 Lateral view of G./«t//c'MA'(Larva) 
Fig 11 Dorsal view of head capsule of the larva 
Fig 12 Ventral veiw of head capsule of the larva 
Fig ] 3 Dorsal view of G. indicus (beetle) 
Fig 14 Dorsal view of head capsule 
Fig 15 Ventral view of head capsule 
Fig 16 Mouthparts of G. indicus (beetle) 
Fig 17 Antenna ofa male beetle 
Fig 18 Lateral view of head capsule 
Fig 19 Antenna ofa female beetle 
Fig 20 Dorsal view of prothorax 
Fig 21 Dorsal view of tergum 
Fig 22 Ventral view of prothorax 
Fig 23 Lateral view of prothorax 
Fig 24 Dorsal view of metathorax 
Fig 25 Ventral view of meso and meta thorax 
Fig 26 Dorsal view of mesothorax. 
Fig 27 Lateral view of meso and metathorax 
Fig 28 Fore leg of male beetle 
Fig 29 Middle leg of male beetle 
Fig 30 Hind leg of male beetle 
Fig 31 Fore leg of female beetle 
Fig 32 Middle leg of female beetle 
Fig 33 Hind leg of female beetle 
Fig 34 Membraneous wing of the beetle 
Fig 35 Dorsal view of elytra 
Fig 36 Ventral view of elytra 
Fig 37 Abdomen ofthe Male beetle-Dorsal view 
Fig 38 Abdomen ofthe Male beetle-Ventral view 
Fig 39 Abdomen ofthe Male beetle-Lateral view 
Fig 40 Abdomen ofthe Female beetle - Dorsal view 
Fig 41 Abdomen ofthe Female beetle-Ventral view 
Fig 42 Abdomen ofthe Female beetle-Lateral viev/ 
Fig 43 Dorsal view of Male genitalia 
Fig 44 Aedeagus 
Fig 45 Parameral plate 
Fig 46 Female genitalia 
Fig 47 Velvifers 
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Fig.48 : Rearing of G.///^ /cM5 in the Research Laborator)'. 
Fig.49 : Cuhure of G./»ty/c/M-reared in Environmental study chamber. 
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Fig.50 : Rearing ofG./>K/;cM5 in papier-mache medium. 
Fig.51 : Rearing of G.indicus, in old books, kept in glass cages. 
PLATE 27 
Fig.52 : Egg cluster of G. itidtcus - Dorsal view. 
Fig.53 : Ventral view ofthe egg cluster. 
PLATE 28 
Fig.54 : A single egg of G.indicus. 
Fig. 55 : First instarlaiva of G.WC//CM5. 
PLATE 29 
Fig.56 : Ecdysial phase of first instar larva. 
Fig.57 ; The second instar larva. 
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Fig.58 : The tliird instar larva. 
Fig,59 : The fourth instar larva. 
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Fig.60 : The fifth instar laiva 
Fig.61 • Emergence of pupa. 
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Fig.62 : Ventral view of the pupa. 
Fig.63 : Dorsal view of the pupa 
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Fig. 64 : Ventral view of a fliUy developed pupa. 
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Fig.65 ". Ventral view of a juvenile beetle. 
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Fig. 66 : Dorsal view of a juvenile beetle. 
Fig. 67 : Dorsal view of mature beetles: Right-Female, Left-Male. 
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Fig. 68 • Ventral view of mature beetles : Right-Female, Left-Male 
Fig. 69 : Copulation. 
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Fig. 70 View of a study site showing infested books in the shelves. 
Fig 71 Damage caused by G ///G ;^a« (Larva) to book 
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Fig.72 : Tunnels made by larvae while feeding on a book. 
Fig. 73 : A close up view of the tunnels. 
PLATE 38 
Fig. 74 : Minor image view of the tunnels made by the laiva while feeding 
on two adjoining books. 
Fig.75 : Damage caused by G.itidiais to book-binding. 
PLATE 39 
Fig 76 An infested book showing pin-holes made by G indicus 
Fig 77 Faecal material of the larva 
PLATE 40 
Fig.78 : hifestation can be checked by keeping the books in polythene 
bags charged with flimigant. 
Fig. 79 : Experiment to determine the bioassay of insecticides is in prog ress. 
PLATE 41 
Fig. 80 ; An improvise airtight chamber used for fiimigation. 
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